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VIBRATION-DAMPED PUSH-PIN ASSEMBLY FOR DISK DRIVE SERVO WRITING 

RELATED APPLICATION 
This application claims priority under 35 USC 1 19(e) to U.S. Provisional Application No. 
5 60/284,975 entitled Intelligent Push-pin Design for High TPI Hard Disk Drive Servo Writing 
filed April 19, 2001, which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
The present invention generally relates to disk drive manufacturing. More particularly, 
J8 the present invention relates to the servo writing process of disk drive manufacturing in which a 

If! push-pin assembly comes into contact with an actuator arm assembly. The push-pin assembly 

ill 

v3 * has special features that reduce the effects of vibration from the disk drive. 



BACKGROUND OF THE INVENTION 



□ 

ru 

f]5 Nearly every desktop computer and server in use today contains one or more disk drives. 



TU These disk drives function to store digital information on a magnetic medium. Conventional 
disk drives typically include a base plate and a cover that is detachably connected to the base 
plate to define a housing for various disk drive components. One or more data storage disks are 
generally mounted on a spindle which is interconnected with the base plate and/or cover so as to 

20 allow the data storage disk(s) to rotate relative to both the base plate and cover via a spindle 
motor. An actuator arm assembly (such as a single actuator arm, a plurality of actuator arms, or 
an E-block having a plurality of actuator arm tips), is interconnected with the base plate and/or 
cover by an appropriate bearing or bearing assembly so as to enable the actuator arm assembly to 
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pivot relative to one or more of the base plate, cover, and the data storage disk(s) in a controlled 
manner. 

A suspension or load beam may be provided for each data storage surface of each data 
storage disk. Typically each disk has two of such surfaces. All suspensions are appropriately 
attached to and extend away from the actuator arm assembly in the general direction of the data 
storage disk(s). A transducer, such as a read/write head, is disposed on the free end of each 
suspension for purposes of measuring/writing signals with the corresponding data storage disk. 
The position of the actuator arm assembly, and thereby each transducer, is controlled by a voice 
coil motor or the like which pivots the actuator arm assembly to position the transducer(s) at the 
desired radial position of the data storage disk. 

Each data storage disk has a plurality of concentrically disposed tracks which are 
available for data storage. These tracks are formed on the data storage disk(s) after they have 
been enclosed in the space between the cover and base plate. One way in which this is 
accomplished is by including a push-pin hole on the base plate of the disk drive. Formation of 
the tracks on the data storage disk(s) of the disk drive entails directing a push-pin through this 
push-pin hole in the disk drive base plate and into engagement with the actuator arm assembly. 
This push-pin is part of a servo writer which moves the push-pin in a controlled manner to a 
position where the actuator arm assembly is disposed for writing a track on the disk(s) at a 
specific radial location on the disk(s) via the relevant read/write head. 

It is important to precisely control the position of the actuator arm assembly while the 
servo information fields are written to the disk surfaces. However, system resonances can arise, 
for example, from vibrations generated by the operation of the spindle motor during rotation of 
the data storage disk(s). Of particular interest are resonances which occur locally at the push-pin 





and actuator arm assembly, as such resonances are most likely to affect the position of a 
read/write element on the actuator arm assembly interfacing the disk(s) where servo information 
fields are read and/or written. Steps have been taken to reduce these resonances, including 
efforts to stiffen the push-pin and the associated push-pin assembly, as well as installing a soft, 
5 energy-absorbing material between the push-pin and the actuator arm assembly. However, to 
date such efforts have not been completely successful in eliminating the effects of respnances 
during the writing of the servo information without adding additional complications to the 
process. For instance, such energy-absorbing material greatly increases the incidence of stiction 
which can potentially cause unwanted track spacing and/or jumping. As track densities continue 

l§ to increase, such track spacing errors in the writing and/or reading of the servo information will 

□ 

Lfj increasingly prove problematic during disk drive operations. 

Vy Thus, a need exists for an improved approach to reducing the resonances from a disk 

K ^ drive servo track writer, via the push-pin, in order to reduce or eliminate the affects of 

12 resonances which influence the position of the actuator arm assembly and hence, the location of 

Ivfe each read/write head with respect to the desired location. At the same time, a need exists to 

fy enhance the structural characteristics and/or dynamics of the push-pin with respect to its 
interface with the actuator arm assembly to prevent the occurrence of stiction. 

BRIEF SUMMARY OF THE INVENTION 
20 The present invention is generally directed to positioning systems of disk drive servo 

writers. More specifically, the present invention is generally directed to a push-pin assembly for 
use with a positioning arm of a disk drive servo writer. This push-pin assembly desirably 
addresses at least certain vibrations which may adversely affect servo writing quality. Any 
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appropriate type/configuration of disk drive actuator arm assembly may benefit from having 
servo writing operations performed using the push-pin assembly of the present invention. In 
addition, the push-pin assembly of the present invention may have some use in "bulk writing" 
applications wherein a plurality of data storage disks are generally simultaneously written while 
5 being rotated about a common spindle. Accordingly, reference herein to "servo writing" may 
include such bulk writing applications. 

Each of the various aspects of the push-pin assembly that are associated with the present 
invention, that relate to the structure of the same, and that will be discussed in more detail below 
include a contact pin which has a shaft and a contact head disposed at one end of the shaft. The 

j:t3s 

}§ contact head has an actuator arm facing surface which engages the disk drive actuator arm 
in assembly at any appropriate location. The push-pin assembly also includes a body/housing 

!:! 

v3 which is interconnectable with the positioning arm of the servo writer. The body has a contact 
pin receptacle that is recessed into at least one end of the body so that at least a portion of the 

I* contact pin shaft can be disposed within the contact pin receptacle (e.g., part of the contact pin 

FU 

tfj> shaft may extend beyond an end of the body). Thus, a portion of the body is disposed about a 
fjj perimeter of at least a lower portion of the contact pin shaft. The contact head is thereby 
disposed atfteyond the end of the body which includes the contact pin receptacle. Further, the 
push-pin assembly also includes a vibration damper that is disposed between at least a 
longitudinal portion of the contact pin shaft and the body. 
20 In a first aspect of the present invention, an entirety of the contact pin shaft is disposed in 

spaced relation to the body. As such, any vibrations of the contact pin are not transferred to the 
body, and thereby the positioning arm of the servo writer (or vice versa for that matter). Stated 
another way, the contact pin is "vibrationally isolated" from the body. 
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Various refinements exist of the features noted in relation to the subject first aspect of the 
present invention as well. Further features may also be incorporated in the subject first aspect of 
the present invention as well. These refinements and additional features may exist individually 
or in any combination. The contact pin shaft may include a protrusion of some sort that is 
5 disposed toward an end of the shaft that is opposite the contact head. The vibration damper in 
this embodiment may be positioned about a longitudinal portion of the shaft which is disposed 
between the protrusion and the contact head. The function of this particular protrusion is to 
retain the contact pin shaft within the body (i.e. to keep the contact pin shaft from being pulled 
out of the contact pin receptacle). Stated another way, the function of the protrusion is to 

f. -3. 

j§) maintain the contact pin in a set position along a longitudinal extent of the contact pin and 

In relative to the body. A set position means that the longitudinal placement of the contact pin is 

I j 

J ;3 preserved with respect to other components of the push-pin assembly. In one variation, this 

: : : 

+ protrusion engages an end of the vibration damper so as to not allow any substantial movement 
^ of the contact pin shaft out of the contact pin receptacle. This protrusion may be of any 
i appropriate configuration so as to function as a mechanical "catch" of sorts (e.g., annular; a 
f y plurality of radially spaced protrusion segments disposed about an annular periphery of the shaft; 
a single protrusion of less than annular extent). 

A protrusion of sorts may be disposed on the outer periphery of the shaft at a longitudinal 
location that is between the contact head and the vibration damper in the first aspect. The 
20 protrusion in this embodiment maintains the contact pin head and the body in spaced or non- 
contacting relation (i.e., so as to prevent a "vibrational short"). Preferably, the protrusion of this 
embodiment generally interfaces with that end of the vibration damper that projects out of the 
contact pin receptacle, and is also free from contact with the body. Any appropriate 
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configuration may be used for protrusion of this embodiment that provides the function of 
maintaining the contact pin head and the body in non-contacting relation (e.g., an annual 
"shoulder"; a plurality of radially spaced segments). 

Vibration dampers utilized in push-pin assemblies of the first aspect may exhibit various 
5 configurations. Any given vibration damper may be annular or disposed about the entire 
perimeter of a corresponding longitudinal portion of the contact pin shaft. Another option is for 
any such vibration damper to be defined by a plurality of radially spaced (relative to the 
longitudinal extent of the contact pin shaft) vibration damper segments. Appropriate materials 
for any such vibration damper include piezoelectric materials (including both polymers and 
:15 ceramics), urethane and polyurethane materials (such as TYGON® manufactured by Saint- 

: ;== r _ _ 

\f\ Gobain Performance Plastics of Wayne, NJ, ISODAMP® manufactured by E-A-R Specialty 

j . 5 

HO Composites of Indianapolis, IN, and PORON® manufactured by Rogers Corporation of Rogers, 

LU 

"F CT), other appropriate damping materials, and combinations thereof. 

: ^ In one embodiment of the first aspect, the push-pin assembly includes first and second 

hi _ 
jJi vibration dampers which are spaced along a longitudinal extent of the contact pin shaft. The 

i;3 

m first vibration damper can have a modulus of elasticity which is less than, at least substantially 
equal to, or greater than a corresponding modulus of elasticity of the second vibration damper. 
Additionally, the first vibration damper can be formed from the same or different material than 
the second vibration damper. At least one of the first and second vibration dampers may be 

20 formed from one or more piezoelectric materials. An appropriate signal may then be directed to 
such a vibration damper to change at least one physical property of this vibration damper in 
response to an appropriate monitoring operation, for instance to cause such a vibration damper to 
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expand or contract in size to affect the damping properties of the vibration damper and/or the 
position of the contact pin shaft relative to the body. 

The contact pin receptacle of the first aspect may include first and second longitudinal 
receptacle sections. The first receptacle section may have a larger effective diameter than that of 
5 the second receptacle section. In other words, a first spacing between a first wall of the first 
receptacle section and the contact pin shaft can be greater than a second spacing between a 
second wall of the second receptacle section and the contact pin shaft. In one embodiment, a 
first vibration damper is disposed in the first receptacle section. In this case, a length of the first 
vibration damper may be less than a length of the first receptacle section. The second receptacle 

j:s£s 

1«0 section can be located between the first receptacle section and a second vibration damper that is 

s tsS 

Lff longitudinally spaced from the noted first vibration damper. In any case, the contact pin shaft 

IJ 

hy may generally sequentially extend through the first receptacle section and at least partially within 

W 

4 s the second receptacle section. 

I* The push-pin assembly of the first aspect may also provide for a monitoring of a position 

m 

flj> of the contact pin shaft relative to the body. This may be used for any appropriate purpose, 
rU including to determine if the push-pin assembly has failed in at least some respect and should be 
replaced, to identify when the position of the contact pin shaft relative to the body needs to be 
somehow adjusted, to identify at least a potential problem with the current servo writing 
operation, or the like. In any case and in one embodiment, this monitoring is effected using an 
20 electrical switch. The lower portion of the contact pin shaft may be a first switch contact 
element, and an inner wall of the contact pin receptacle may be a second switch contact element. 
The first and second switch contact elements may be monitored to determine if the electrical 
switch is an open condition/position or a closed condition/position, or to simply determine if 
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there is a change in the switch condition/position. An open condition/position means that the 
contact pin (first switch contact element) does not touch any portion of the body (second switch 
contact element) of the push-pin assembly so that the contact pin is electrically isolated from the 
body of the push-pin assembly. Conversely, a closed condition/position for the switch means 
5 that the contact pin touches at least a portion of the body (i.e. closing the circuit) so as to enable 
an electric current to flow from one of the contact pin and body to the other. In order to be able 
to function as a switch, obviously an electrical power source must be connected to one of the 
contact pin and the body via electrically conducive wiring or the like, and another electrically 
conductive wire or the like must connect (either directly or indirectly) the other of the contact pin 

15 and body to a ground or remaining post of the power source. Preferably, the vibration damper is 

□ 

i n also an electrical insulator in this case. 

10 

■sJJ In another embodiment of the first aspect, the above-noted monitoring is effected using a 

Id 

■F capacitive sensor. The lower portion of the contact pin shaft and the body may be respective first 

! ^ and second conductors of the capacitive sensor, and an open area between the first and second 
conductors may be the dielectric of the capacitive sensor. An open area means an area between 

rjj the contact pin shaft and the body that is devoid of any material. When there is a change in the 
position of the lower portion of the contact pin shaft relative to the body, there will be a 
corresponding change in capacitance. The monitoring of capacitance requires that the contact 
pin be electrically isolated from the body, and therefore any vibration damper is also preferably 

20 an electrical insulator as well. However, while electrical isolation of the contact pin requires that 
electrical current cannot pass between the body and the contact pin, electrical isolation of the 
contact pin does allow electrical fields to pass between the body and the contact pin through the 
open area. 




The capacitance-based monitoring of the position of the contact pin shaft again may be 
used for any purpose. For instance, the monitoring of capacitance may be used to identify a 
failure of the push-pin assembly. Failure of the push-pin can be defined as a deviation from an 
acceptable tolerance range of capacitance. The vibration damper wearing out, degrading, 
5 compressing, or the like can cause such a deviation, for example. A bending or a change in 
contour of the contact pin can also cause the noted capacitive deviation. The capacitive 
deviation can basically include any factor(s) that would cause a portion of the contact pin to 
approach and/or contact the body. One option is to use a detection of the noted capacitive 
deviation for determining when to replace the push-pin assembly. Another option is to take 
](3 remedial actions of sorts. In this regard, once the noted capacitive deviation has been identified, 

b 

m an appropriate signal (e.g., electrical) can be applied to at least one vibration damper to adjust at 

hy least one property of the vibration damper(s) in response to the deviation from the acceptable 

W 

n P tolerance range of capacitance. Such an adjustment of the vibration damper(s) may reposition 



the contact pin shaft relative to the body to allow for continued use of the push-pin assembly 
(e.g., the vibration damper may expand to force the contact pin back into the center of the contact 
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fy pin receptacle, thus restoring the monitored capacitance level back to within the acceptable 



tolerance range). 

In a second aspect of the present invention, a vibration damper of the push-pin assembly 
is disposed between at least a first longitudinal segment of the lower portion of the contact pin 
20 shaft and the receptacle wall of the body, and an open area separates a second longitudinal 
segment of the lower portion of the contact pin shaft from the receptacle wall of the body. The 
second longitudinal segment of the contact pin shaft is disposed further within the contact pin 
receptacle than the first longitudinal segment. Those various features discussed above in relation 
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to the first aspect of the present invention may be incorporated in variations of this second aspect 
of the present invention as well, and in the manner noted above. 

In a third aspect of the present invention, the push-pin assembly has a contact pin shaft 
that includes a first protrusion that is spaced from the contact head. A vibration damper is 
disposed about a longitudinal portion of the contact pin shaft at a location that is between the 
contact head and the first protrusion. 

Various refinements exist of the features noted in relation to the subject third aspect of 
the present invention as well. Further features may also be incorporated in the subject third 
aspect of the present invention as well. These refinements and additional features may exist 

individually or in any combination. One way of characterizing the first protrusion of the contact 

CD 

Lff pin shaft is that it has an effective diameter that is larger than an effective diameter of an aperture 

W 

v3 in the vibration damper through which the contact pin shaft extends. The effective diameter of 

LU 

B P the contact pin shaft is generally the largest cross-sectional distance across the shaft at the noted 

; *f location. On the other hand, the effective diameter of the noted aperture in the vibration damper 

fit 

;=H> is approximately the largest cross-sectional distance across this aperture (whether defined by a 

□ 

nj single hole through a single vibration damper or by a space collectively defined by a plurality of 



radially spaced vibration damper segments). In one embodiment of the third aspect, the first 
protrusion of the contact pin shaft engages a first end surface of a vibration damper so that the 
first protrusion prevents the shaft from being pulled out from within the contact pin receptacle. 
20 Any configuration for the first protrusion that provides this "mechanical catch" function may be 
utilized. 

The contact pin shaft associated with the third aspect may include a second protrusion 
that is disposed between the contact head and the portion of the contact pin shaft that 
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longitudinally interfaces with the noted vibration damper. Generally, this second protrusion 
functions as a spacer of sorts between the contact head and the body of the push-pin assembly, or 
so as to keep the contact head and the body in non-contacting relation. The second protrusion 
preferably interfaces with an end of the vibration damper that is projecting out the open end of 
the body through which the contact pin extends in the direction of the contact head, and is free 
from contact with the body. In one embodiment, both the first and second protrusions interface 
with opposite ends of the noted vibration damper. Preferably, both the first and second 
protrusions on the contact pin shaft are free from contact with the body; As with the first 
protrusion, the second protrusion can be of any appropriate configuration to provide the above- 
noted function. 

A fourth aspect of the invention is embodied in a push-pin assembly having a contact pin 
which includes a protrusion on the contact pin shaft that is located between the contact head and 
the vibration damper which is disposed about at least a longitudinal portion of the contact pin 
shaft. The discussion above regarding this particular feature in association with the first and 
third aspects may be incorporated into this fourth aspect as well. 

In a fifth aspect of the present invention, the push-pin assembly includes first and second 
longitudinally spaced vibration dampers that are disposed between the lower portion of the 
contact pin shaft and the receptacle wall of the body (e.g., two or more spaced dampers). At 
least a portion of the contact pin shaft longitudinally oriented between the first and second 
vibration dampers is separated from the receptacle wall by an open area (i.e., devoid of any 
material). A portion of the contact pin shaft opposite the contact head extends within/beyond an 
end of both the first and second vibration dampers within the contact pin receptacle. 
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Various refinements exist of the features noted in relation to the subject fifth aspect of the 
present invention as well. Further features may also be incorporated in the subject fifth aspect of 
the present invention as well. These refinements and additional features may exist individually 
or in any combination. In one embodiment, the first and second vibration dampers are electrical 
5 insulators. In this case, the lower portion of the contact pin shaft and the receptacle wall may 
include/define first and second conductors of a capacitive sensor, and the open area between the 
contact pin shaft and the receptacle wall may define a dielectric of such a capacitive sensor. This 
capacitive sensor may be used to provide the above noted monitoring function and for the above- 
noted purpose(s). As such and in one embodiment, at least one of the first and second vibration 
15 dampers may be made up of a piezoelectric material. Again, sending an electrical signal to this 

□ 

i n piezoelectric material-based vibration damper may be used to change at least one physical 

1.U 

,Q property of the piezoelectric material in response to the identification of a predetermined change 

W 

■»? in capacitance. 

In a sixth aspect, the present invention is embodied in a push-pin assembly having first 

is =5x 

\£p and second longitudinally spaced vibration dampers that are at least partially disposed in the 

63 

nj contact pin receptacle between the contact pin shaft and the body. A fulcrum exists on the 
receptacle wall of the body, and is disposed at a longitudinal position that is between the first and 
second dampers. This fulcrum contacts part of the lower portion of the contact pin shaft. 
Generally, the fulcrum may be of any appropriate configuration that defines a predetermined 

20 pivot axis for the contact pin relative to the body. 

A seventh aspect of the present invention is embodied in a method for executing servo 
writing operations using a push-pin assembly. The method includes the step of monitoring at 
least some condition of the push-pin assembly. Representative conditions in accordance with the 
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seventh aspect include, but are not limited to, the positioning of the contact pin relative to the 
body, the structural and/or functional integrity of the vibration damper(s), and the configuration 
of the contact pin shaft relative to an initial configuration of the contact pin shaft (e.g., to identify 
any bending of the shaft). 

Various refinements exist of the features noted in relation to the subject seventh aspect of 
the present invention as well. Further features may also be incorporated in the subject seventh 
aspect of the present invention as well. These refinements and additional features may exist 
individually or in any combination. The method of the seventh aspect can include the step of 
detecting a failure of the push-pin assembly using the monitoring step. Failure of the push-pin 
assembly includes, but is not limited to, bending or other deformation of the contact pin, and/or 
breakdown and/or malfunction of the vibration damper(s). The method can also include the step 
of applying a signal to at least one vibration damper (e.g., a vibration damper made from active 
piezoelectric material) to change the position of the contact pin shaft relative to the body, all in 
response to the noted monitoring. The signal that is applied may be electrical, and may be 
applied to a piezoelectric material that forms a given vibration damper. One example of the 
result achieved by this signal is that it may be used to reposition the contact pin shaft away from 
the receptacle wall of the body, to in turn promote vibrational isolation of the contact pin shaft 
from the body. 

In one embodiment of the seventh aspect, the push-pin assembly is utilized as an 
electrical switch where the above-noted monitoring includes determining whether the electrical 
switch is in one of an open condition/position or a closed condition/position. A change in 
condition/position of the switch of the push-pin assembly can be identified, depending on the 
desired use, by electrically detecting that the switch has changed from an open or closed 
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condition/position, or vice versa. Another embodiment of the seventh aspect uses a push-pin 
assembly as a capacitive sensor. A change in the condition of the push-pin assembly can be 
identified when the monitored capacitance level of the push-pin assembly fails to fall within an 
acceptable tolerance range, or stated another way, when there is predetermined change in 
capacitance. Both of the switch-based and capacitance-based monitoring may be used to control 
provisioning of an appropriate signal to one or more vibration dampers to change at least one 
physical characteristic thereof. Switch and/or capacitance embodiments of the invention are 
designed to monitor a condition(s) of the push-pin assembly. Any "action" discussed herein that 
is undertaken in response to the noted monitoring is included merely for illustrative purposes. 
Accordingly, the monitoring function of these embodiments, and the structures of the push-pin 
assemblies associated therewith, are the important features of such embodiments. 

Various features discussed above in relation to one or more of the seven aspects of the 
present invention may be incorporated into any of the other aspects of the present invention as 
well, and in the manner noted above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is a top view of a conventional disk drive. 

FIGURE 2 is a top view of the base of the disk drive of FIGURE 1, illustrating one 
embodiment of a push-pin hole through which at least a portion of a push-pin assembly extends 
for servo writing operations. 

FIGURE 3 is a schematic, perspective view of a positioning system of a servo writer. 

FIGURE 4 is a perspective view of one embodiment of a push-pin assembly having 
vibrational damping. 
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FIGURE 5 is a cross-sectional view of the push-pin assembly of FIGURE 4 taken along 
its longitudinal extent. 

FIGURE 6A is a cross-sectional view of another embodiment of a push-pin assembly 
with vibrational damping and which incorporates an electrical switch, illustrating the electrical 
switch in an open position. 

FIGURE 6B is a cross-sectional view of the push-pin assembly of FIGURE 6A, 
illustrating the switch in a closed position. 

FIGURE 6C is a cross-sectional view of the push-pin assembly of FIGURE 6A taken 
along line 6C-6C. 

FIGURE 7 is a cross-sectional view of another embodiment of a push-pin assembly 
which uses a pair of spaced vibration dampers. 

FIGURE 8A is a cross-sectional view of a push-pin assembly which incorporates an 
exemplary diagrammatic closed-loop compensation feedback mechanism as well as an active 
"push-pull" vibration damper configuration. 

FIGURE 8B is a cross-sectional view of the push-pin assembly of FIGURE 8A taken 
along line 8B-8B. 

FIGURE 9 is a cross-sectional view of another embodiment of a push-pin assembly that 
uses a fulcrum and a pair of spaced vibration dampers. 

FIGURE 10 is a cross-sectional view of the push-pin assembly of FIGURE 7 with a 
contact pin retention assembly and a contact head/housing isolation assembly. 

FIGURE 11A is a cross-sectional view of the push-pin assembly of FIGURE 10 taken 
along line 11 A- 11 A. 
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FIGURE 1 IB is a cross-sectional view of the push-pin assembly of FIGURE 10 taken 
along line 11B-11B. 

FIGURE 11C is a cross-sectional view of the push-pin assembly of FIGURE 10 similar 
to FIGURE 1 IB, but with an alternative configuration of the mechanical catch for the contact 
pin. 

FIGURE 1 ID is a cross-sectional view of the push-pin assembly of FIGURE 10 taken 
along line 11D-11D. 

FIGURE 12A shows a line graph comparatively illustrating frequency responses of a 
conventional push-pin and the push-pin assembly of FIGURES 4-5 before frequency adjustment. 

FIGURE 12B shows a line graph comparatively illustrating frequency responses of the 
conventional push-pin of FIGURE 12A and the push-pin assembly of FIGURES 4-5 after 
frequency adjustment. 

FIGURE 13 shows a comparative illustration measuring "DC track squeeze" using a first 
histogram of a conventional push-pin and a second histogram of the push-pin assembly of 
FIGURES 4-5. 

FIGURE 14 shows a table comparing "written-in run-out" of a conventional push-pin and 
the push-pin assembly of FIGURES 4-5. 

DETAILED DESCRIPTION 
The present invention will now be described in relation to the accompanying drawings, 
which at least assist in illustrating the various pertinent features thereof. By way of initial 
summary, the present invention relates to disk drives and, more particularly, to disk drive servo 
writing operations using a push-pin assembly for positioning and maintaining the position of an 
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actuator arm assembly of a head disk assembly, where the push-pin assembly also promotes 
vibrational damping between the push-pin assembly and the actuator arm assembly. Further, this 
push-pin assembly may provide this function while decoupling contact surface area from 
properties conventionally associated with the contact interface between the actuator arm 
assembly and the push-pin assembly of a servo-writer positioning apparatus. In other words, the 
invention further relates to optimizing the contact interface area between the actuator arm 
assembly and the push-pin assembly, effectively independent of the structural dynamics of either 
component. 

Various embodiments of the push-pin assemblies with vibrational damping will now be 
discussed. Generally, each of these push-pin assemblies includes a contact pin which has a shaft 
and a contact head disposed at one end of the shaft. The contact head generally has an actuator 
arm facing surface which engages the disk drive actuator arm assembly. While this engagement 
of the contact head and the actuator arm assembly is preferably a metal-to-metal interface, the 
important aspect of the actuator arm facing surface of the contact head is providing a low 
frictional interface which results due to its engagement with the actuator arm assembly. 
Therefore, the material of the actuator arm facing surface of the contact head, while preferably 
metal, is not of prime importance, nor is its particular configuration. 

The various embodiments of push-pin assemblies with vibrational damper hereafter 
described also generally include a body which is interconnectable with the positioning arm of the 
servo writer. The body generally has a contact pin receptacle that is recessed into at least one 
end of the body so that at least a portion of the contact pin shaft can be disposed in the contact 
pin receptacle (i.e., part of the shaft may extend beyond an opposite end of the body). Thus, a 
portion of the body is generally disposed about a perimeter of at least a lower portion of the 
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contact pin shaft. The contact head is generally disposed at/beyond the end of the body that 
includes the contact pin receptacle. Further, the push-pin assembly also includes a vibration 
damper generally disposed between at least a longitudinal portion of the contact pin shaft and the 
body. This vibration damper can demonstrate a variety of shapes and/or configurations as long 
as the vibration damper functions to at least substantially resonantly isolate the contact pin from 
the body of the push-pin assembly. For instance, each vibration damper(s) can be at least 
generally tubular or may be defined by plurality of radially spaced damper segments. Any 
appropriate material that provides the desired vibrational damping function for a given vibration 
damper also may be utilized, including, but not limited to, piezoelectric materials (such as 
piezoelectric polymers and piezoelectric ceramics), urethane and polyurethane materials (such as 
TYGON®, ISODAMP®, and PORON®), other appropriate damping materials, and combinations 
thereof. 

FIGURES 1-2 shows a top view of a conventional disk drive 10 that generally includes a 
base plate 26 and a cover (not shown) that is disposed in spaced relation thereto. The disk drive 
10 includes one or more data storage disks 12 of any appropriate digital data storage media. The 
disk(s) 12 are mounted on a rotatable hub 14, which in turn is rotatably interconnected with the 
disk drive base plate 26 and/or cover. Generally, these data storage disks 12 are made from 
glass, cefamic, or various metals, and each data storage disk 12 preferably possesses first and 
second opposing disk surfaces, each typically having a plurality of concentric and annular 
separate tracks for storing data. A spindle motor 15 is coupled to the rotatable hub 14 to 
simultaneously spin the data storage disk(s) 12, preferably at a substantially constant rate. For 
example, current disk drives preferably spin at range of about 5,400 RPM to up to about 15,000 
RPM, although embodiments outside this exemplary range are contemplated. 
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The disk drive 10 also includes an actuator arm assembly 16 that pivots about a pivot 
bearing 18, which in turn is rotatably supported by the base plate 26 and/or cover. The actuator 
arm assembly 16 includes one or more individual actuator arms 20 that extend out from near the 
pivot bearing 18. Each actuator arm 20 generally includes a suspension 21 and a head 22 
disposed at or near an end of each suspension 21. The head 22 typically includes a slider and at 
least one transducer that exchanges signals with the corresponding data storage disk 12. While 
the actuator arm assembly 16 shown in FIGURE 1 reflects a single actuator arm 20, the 
vibrationally-damped push-pin assemblies described herein are appropriate for use in positioning 
actuator arm assemblies of any appropriate configuration that use a push-pin assembly for servo 
writing operations (e.g., single actuator arm configurations; multiple actuator arm configurations, 
or a "stack"; an E block with a plurality of actuator arm tips). 

A voice coil motor (VCM) 24 operatively interfaces with the actuator arm assembly 16 
generally at an end thereof that is opposite the head 22. The VCM 24 imparts motion to the 
actuator arm assembly 16, and thus to the head 22 (e.g. in response to an appropriate control 
signal). The voice coil motor 24 generally consists of a magnet(s) and a coil of fine wire, 
although other configurations are contemplated. Any appropriate drive type/configuration may 
be used for moving the actuator arm assembly 16. 

FIGURE 3 illustrates a servo writer 30 that includes a positioning system 31 having a 
atform 32 to which the components of the positioning system 31 are either directly or 
indirectly affixed, and a control unit 33 thatis connected to the platform 32 and functioning to 

control servo writing functions of the sefro writer 30. A first end of a positioning arm 34 is 

32* 




connected to the platform?30^in a manner that allows the positioning arm 34 to rotate about a 
positioner axis 36. At a second end of the positioning arm 34, opposite the connection to 
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platform 30, a generically represented push-pin assembly 40 is connected to the^fJositioning arm 
34. The positioning system 31 of the servo writer 30 is designed ancjxtfmfigured such that at 
least a portion of the push-pin assembly 40 fits through a pus]>-f?ui hole 28 on the base plate 26 
of the disk drive 10 (FIGURES 1-2). Additionallj^the positioning system 31 is designed and 
configured such that rotation of the positionjft^arm 34 about the positioner axis 36 will result in 
movement of the corresponding pusja^jnn assembly 40 which is unimpeded by the configuration 
of the push-pin hole 28 of thj^isk drive 10. That is, the configuration of the push-pin hole 28 at 
least generally approximates the path along which the push-pin assembly 40 moves during servo 
writing opej^uons. Accordingly, the push-pin hole 28 can exhibit any appropriate 
shape^eonfiguration that avoids significantly hindering/obstructing movement of the push-pin 
assembly 40 during servo writing operations. 

Servo writing operations are undertaken after the above-described components of the disk 
drive 10 have been enclosed within a space collectively defined by the base plate 26 and the 
cover connected thereto. Concentrically disposed annular data storage tracks are formed on the 
various data storage surfaces of the disks 12 while within this enclosed space. Generally, the 
push-pin assembly 40 from the positioning system 31 of the servo writer 30 is positioned to 
protrude through the push-pin hole 28 on the base plate 26 of the disk drive 10 and into the noted 
enclosed space to interface with an appropriate surface of the actuator arm assembly 16. The 
positioning system 31 moves the push-pin assembly 40 to position the actuator arm assembly 16, 
to in turn dispose the head 22 at the desired radial position of its corresponding data storage disk 
12 to form a track thereon. The VCM 24 of the disk drive 10 may be used to provide a resistance 
force in a direction opposite that of the force exerted on the actuator arm assembly 16 by the 
servo writer positioning arm 34 of the servo writer 30 via the push-pin assembly 40. Such a 
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resistance force functions to maintain constant contact at the actuator arm assembly interface, 
and enables the servo writer positioning system 31 to position the actuator arm assembly 16 in a 
controlled and accurate manner. After each of the tracks has been created on a given disk 12 in 
this same general manner, the push-pin assembly 40 is withdrawn from the push-pin hole 28. 
The push-pin hole 28 is then appropriately sealed. 

Still referring to FIGURES 1-3, the pivot bearing 18 of the disk drive 10 and the 
positioner axis 36 of servo writer positioning system 31 are preferably substantially aligned such 
that the push-pin assembly 40 of the positioning system 31 does not exhibit any tangential 
motion along the actuator arm assembly 16 during positioning of the actuator arm assembly 16 
of the disk drive 10 relative to the pivot bearing 18 and the positioner axis 36. However, the 
pivot bearing 18 may be slightly offset or out of alignment with the positioner axis 36, thus 
causing some tangential motion of the push-pin assembly 40 of the positioning system 31 along 
the actuator arm 20 during positioning of the actuator arm assembly 16 of disk drive 10 for servo 
writing operations. Thus, ideally, at least that portion of the push-pin assembly 40, which 
actually contacts the actuator arm 20, as well as the corresponding contact surface of the actuator 
arm 20, are smooth and generally include one or more similar or different metals such that the 
friction coefficient at the push-pin assembly 40/actuator arm assembly 16 interface is of a level 
to effectively minimize stiction. 

Details regarding one embodiment of a push-pin assembly having desired vibrational 
damping characteristics, and which may be used in place of the push-pin assembly 40 of 
FIGURE 3, are presented in FIGURES 4 and 5. The push-pin assembly 140 has a central, 
longitudinal axis 142, and generally includes a contact pin 150, a body 160, and a vibration 
damper 170. The contact pin 150 of the push-pin assembly 140 includes a shaft 152 which is 
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preferably elongate and annular. However, the length, cross-sectional shape, and cross-sectional 
thickness of shaft 152 can vary depending on the desired size and function of the push-pin 
assembly 140. The contact pin 150 also includes a contact head 154 having an actuator arm 
facing surface 156 that is engageable with the actuator arm assembly 16. The contact head 154 
is preferably cylindrical, or at least exhibiting an elliptical or rounded actuator arm facing surface 
156, so as to enable effectively smooth and substantially continuous contact at the push-pin 
assembly/actuator arm assembly interface during rotational positioning of the actuator arm 
assembly 16 during servo writing operations (e.g. during a track "seek" function). Other 
embodiments are contemplated in which the contact head 150 exhibits other shapes and/or 
configurations (e.g., configurations which may benefit from having one or more edges/corners). 
Additionally, the contact pin 150 is preferably a one-piece unit which is generally formed (e.g., 
etched, molded, and/or machined) to meet the desired shape and function. In certain variations, 
an outer layer of material may be fitted around the periphery of contact head 154 to contact the 
surface of the actuator arm assembly 16 during positioning and/or maintenance of position of 
such assembly 16 for servo writing operations (e.g., a vibration damping material). However, 
preferably the actuator arm facing surface 156 is formed from an appropriate metal, or in any 
case such that there is a low frictional interface between the contact head 154 and the actuator 
arm assembly 16 during servo writing operations as noted above. 

The body 160 of the push-pin assembly 140 is generally designed and configured to be 
interconnectable with the servo writer positioning arm 34 of the servo writer 30 of FIGURE 3. 
The body 160 includes a contact pin receptacle 162 that is defined by a receptacle wall 164, 
where the receptacle wall 164 is at least substantially concentrically disposed about the central, 
longitudinal axis 142 of the push-pin assembly 140. The receptacle wall 164 may have one or 
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more protrusion and/or recess portions which, in turn, cause variation in the size of the contact 
pin receptacle 162. 

A vibration damper 170 of the push-pin assembly 140 is disposed along a portion of the 
receptacle wall 164 and functions as a resonance reducer and/or vibration dissipater. In this 
regard, the vibration damper 170 includes an aperture 175 through which the contact pin shaft 
152 extends. Any appropriate vibration damping material may be utilized to form the damper 
170 and as noted above, including but not limited to, piezoelectric materials (such as 
piezoelectric polymers and piezoelectric ceramics), urethane and polyurethane materials (such as 
TYGON®, ISODAMP®, and PORON®), other appropriate damping materials, and combinations 
thereof. The vibration damper 170 is tubular in shape and is complimentary sized to fit into the 
contact pin receptacle 162 of the body 160. In this embodiment, a first end surface 171 of the 

vibration damper 170 that is disposed toward the contact head 154 is in substantial 

r 

alignment/coplanar with a corresponding end surface 161 of the body 160. Other relative 
positions of the vibration damper 170 and the end surface 161 of the body 160 may be utilized 
(e.g., the vibration damper 170 could extend beyond the end surface 161 of the body 160; the 
vibration damper 170 could be recessed relative to the end surface 161 and thereby within the 
contact pin receptacle 164). Notice that the contact head 154 is longitudinally disposed beyond 
or spaced from the end surface 161 of body 160 and the first end surface 171 of vibration damper 
170. The spacing or the disposition of the contact head 154 beyond the end surfaces 171, 161 of 
the vibration damper 170 and body 140, respectively, is preferably about 0.5 mm, but such 
spacing can vary depending on the desired size of the push-pin assembly 140 and functional 
characteristics sought. In any case, preferably the contact head 154 is in non-contacting relation 
with the body 160. 
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In the embodiment of FIGURES 4-5, the vibration damper 170 preferably demonstrates 
some elasticity such that compression forces, caused by the effective diameter of the shaft 152 in 
combination with the effective diameter of the contact pin receptacle 162, maintain the position 
of the vibration damper 170, as well as the position of the shaft 152 of the contact pin 150, in the 
contact pin receptacle 162 of body 160. Such a design enables a technician/operator to effect a 
threshold pulling force on the contact pin 150 in a longitudinal direction away from the body 160 
to remove a worn, faulty, and/or defective contact pin 150 and/or vibration damper 170 without 
having to remove the body 160 of the push-pin assembly 140 from the positioning arm 34 of the 
servo writer positioning system 31. However, the vibration damper 170 can also be held to the 
receptacle wall 164 of the contact pin receptacle 162 using one or more of adhesive, cohesive, 
ultrasonic bonding, heat melting, pressure, static forces, and any other means known to those of 
ordinary skill in the art for maintaining positioning of damper material on the receptacle wall 
164. Relatedly, there may be a press fit relationship between the vibration damper 170 and the 
receptacle wall 164, between the vibration damper 170 and the shaft 152, or both to retain the 
desired relative position between the contact pin 150 and the body 160. Accordingly, the 
vibration damper 170 can exhibit a variety of shapes/configurations as long as it functions to at 
least generally isolate the contact pin 150 from the body 160. 

Still referring to FIGURE 4-5, the lower portion of the shaft 152 of the contact pin 150 is 
disposed in the contact pin receptacle 162 of the body 160 such that the receptacle wall 164 is 
disposed about a perimeter of the contact pin 150. The vibration damper 170 surrounds a 
significant amount of that portion of the shaft 152 that is disposed within the receptacle 162, and 
is disposed between this portion of shaft 152 and the receptacle wall 164 to dispose this portion 
of the shaft 152 of the contact pin 150 in spaced relation to the body 160. An end portion 153 of 
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the contact pin shaft 152, which is opposite the contact head 154, extends beyond and is spaced 
from a lower end of the vibration damper 170. However, a space 163 is still maintained between 
the end portion 153 of the contact pin shaft 152 and the receptacle wall 164 of the body 160. 
Additionally, the end portion 153 of the contact pin shaft 152 is also free from contact with any 
connector between the body 160 and the positioning arm 34 of the servo writer 30 (FIGURE 3). 
Therefore, the entirety of the contact pin shaft 152 and the receptacle wall 164 do not contact 
each other and are maintained in spaced relation (i.e., there is no "vibrational short"). Hence, the 
shaft 152 (exhibiting an elongate, cylindrical configuration) of the contact pin 150 is ideally 
concentrically located with respect to the contact pin receptacle 162 (also being cylindrical) of 
the body 160 to promote vibrational isolation of the contact pin 150. 

Summarily, the configuration of push-pin assembly 140 of FIGURES 4-5, allows no 
direct contact between the contact pin 150 and the body 160 of the push-pin assembly 140. 
Accordingly, such a configuration enables the push-pin assembly 140 to isolate resonance of the 
contact pin 150 from the body 160 of the push-pin assembly 140 and from the connected servo 
writer positioning system 31. Conversely, such a configuration also enables the push-pin 
assembly 140 to isolate resonance of the body 160 and/or servo writer positioning system 31 
from the contact pin 150 which interfaces with the actuator arm assembly 16. 

Another embodiment of a push-pin assembly having desired vibrational dampening 
characteristics is illustrated in FIGURES 6A-6B, and also may be used in place of the push-pin 
assembly 40 of FIGURE 3. Turning to FIGURES 6A-6B, a push-pin assembly 240 also has a 
central, longitudinal axis 242, and includes a contact pin 250, a body 260, and a vibration damper 
270. The contact pin 250 of the push-pin assembly 240 includes an elongate shaft 252 and a 
contact head 254. The body 260 includes a contact pin receptacle 262 that is defined by a 
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receptacle wall 264, where the receptacle wall 264 is preferably disposed concentrically about 
the central, longitudinal axis 242 of the push-pin assembly 240. The vibration damper 270 
includes an aperture 275 through which the contact pin shaft 252 extends. 

The receptacle wall 264 includes an outcropping 265 that narrows the cross-sectional size 
of the contact pin receptacle 262 in a lower portion thereof. The vibration damper 270 of the 
push-pin assembly 240 is disposed along an upper portion of the receptacle wall 264 in 
longitudinally spaced relation to this outcropping 265. Herein the term "upper", when referring 
to component(s) and/or portion(s) of a push-pin assembly, refers to the respective 
component(s)/portion(s) disposed toward the contact head (e.g., 254) of the contact pin (e.g., 
250) of the associated push-pin assembly (e.g., 250). Similarly, the term "lower", when referring 
to component(s) and/or portion(s) of a push-pin assembly, refers to the respective 
component(s)/portion(s) disposed toward an end (e.g., 267) of the body (e.g., 260) furthest from 
the contact head (e.g., 254) of the contact pin (e.g., 250). 

FIGURE 6C illustrates a cross-sectional view of the effective diameter of a number of the 
components of the push-pin assembly 240 of FIGURE 6A taken along line 6C-6C. The shaft 
252 of the contact pin 250, the contact pin receptacle 262 of the body 260, and the vibration 
damper 270 of the push-pin assembly 240 are shown in Figure 6C. The effective diameters of 
each respective component of the push-pin assembly 240 are illustrated in Figure 6C to illustrate 
the various size relationships. Accordingly, the effective diameter A 262 of the contact pin 
receptacle 262 is defined by the receptacle wall 264 of the body 260 and is greater than an 
effective diameter of the shaft 252 of the contact pin 250 that extends downwardly therewithin. 
The outer periphery of the vibration damper 270 is designed to conform to the receptacle wall 
264 of the body 260 and thereby has an outer effective diameter that is the same as the effective 
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diameter A 262 of the contact pin receptacle 262. The aperture 275 in the vibration damper 270 
through which the contact pin shaft 252 extends has an effective diameter A 275 that is 
substantially the same as the effective diameter A 252 of the corresponding portion of the contact 
pin shaft 252 (i.e., the portion of the contact pin shaft 252 that interfaces with an inner wall of the 
vibration damper 270 that defines the aperture 275). 

Referring back to FIGURES 6A-6B, the vibration damper 270 is tubular in shape and is 
complimentary sized to fit into the contact pin receptacle 262 of body 260. Additionally, the 
vibration damper 270 is disposed only in an upper portion of the contact pin receptacle 262 such 
that an upper end surface 271 of the vibration damper 270 is in substantial alignment or coplanar 
with an upper end surface 261 of the body 260, although such is not required and as discussed 
above. The contact head 254 is longitudinally disposed beyond the upper end surface 261 of the 
body 260 and the upper end surface 271 of the vibration damper 270, or at least is in non- 
contacting relation with the body 260. In this embodiment, the vibration damper 270 preferably 
is made of an electrical insulating material, thus providing electrical isolation with the body 260 
as well as structural support for the contact pin 250. 

The push-pin assembly 240 of FIGURES 6A-B not only provides desired vibrational 
damping characteristics, but it provides a monitoring function as well. In this regard, a first 
electrical connection 276 capable of carrying electrical current is connected to the body 260, and 
a second electrical connection 274 capable of carrying electrical current is connected to the 
contact pin 250, preferably at or near the lower portion of the shaft 252. The first and second 
electrical connections 276, 274 are connected to circuit components 272 which enable electrical 
current to be conducted through the push-pin assembly 240 (acting as a switch 251) when the 
switch 25 1 is in a closed position, and further enable the identification of a condition/position of 
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the switch 251. Circuit components 272 can include, but are not limited to, a power source, a 
ground, a control unit, a quality control apparatus (e.g., bell, light, alarm, shut-off apparatus, 
programmable logic controller, and the like), and any appropriate structure(s) for identifying the 
condition/position of the switch 251. 

The push-pin assembly 24 of FIGURES 6A-6B is designed to function as an electrical 
switch to monitor the position for the contact pin 250 relative to the body 260 (or to the axis 
242). A certain change in the relative position of the contact pin 250 and the body 260 may be 
indicative of a structural failure of the vibration damper 270, a failure of the contact pin 250 
(e.g., bending), or of some other problem with the current servo writing operation. Referring 
specifically to FIGURE 6A, the push-pin assembly 240 is illustrated in a first switch 
condition/position, where the integrity of one or both of the contact pin 250 and the vibration 
damper 270 is sufficient to maintain the contact pin shaft 252 in at least substantial alignment 
relative to the central, longitudinal axis 242. In this first switch condition/position, the 
outcropping 265 of the receptacle wall 264 can approach the shaft 252 of the contact pin 250, but 
there is enough separation between the shaft 252 and the outcropping 265 to sustain electrical 
isolation of the contact pin 250 relative to the body 260. Therefore, this is an "open switch" 
position. The vibration damper 270 is designed to extend into the contact pin receptacle 262 far 
enough to maintain a desired positioning of the contact pin 250 relative to the body 260, yet 
remain toward the upper portion of the contact pin receptacle 262 to enable the contact pin 250 
to pivot about the vibration damper 270 upon the vibration damper 270 losing structural 
integrity. Both the contact pin 250 and the body 260 are preferably electrical conductors (e.g., 
metals). 
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Referring to FIGURE 6B, the shaft 252 of the contact pin 250 has tilted about/within the 
vibration damper 270 due, for instance, due to one or more of the biasing force of the positioning 
arm 34 against the actuator arm assembly 16, the biasing force of the VCM 24 pushing back on 
the push-pin assembly 240, and the contact head 254 being subject to resonance from the push- 
pin assembly/actuator arm assembly interface. In any case, the shaft 252 of the contact pin 250 
has tilted to such a degree that a lower portion of the shaft 252 is abutting or in contact with the 
outcropping 265 of the receptacle wall 264, thus closing the switch. The switch closing allows 
electrical current to travel between the body 260 and the contact pin 250, and the condition or 
change in conditions may be readily identified by the circuit components 272. Any appropriate 
action may be undertaken in response to identify this change is switch condition/position (e.g., to 
signal an alarm to alert an operator to repair/replace the push-pin assembly 240; to signal an 
override mechanism which shuts down the current servo writing operations). 

Any relative configuration between the contact pin shaft 252 and the receptacle wall 264 
that provides for open and closed switch conditions/positions is contemplated. For instance, the 
receptacle wall 264 need not include the outcropping 265 in order for the push-pin assembly 240 
to also function as an electrical switch. For instance, the lower portion of the contact pin shaft 
252 may include one or more projections (not shown) that function to decrease the amount of 
change in relative position between the contact pin shaft 252 and the receptacle wall 264 to 
change between an open and closed switch condition/position. 

It should also be appreciated that it is the identification of the change of the push-pin 
assembly 240 between open and closed switch conditions/positions which is of importance, not 
necessarily the change from an open switch condition/position to a closed switch 
condition/position. That is, an appropriate alternative would be for the contact pin 250 to be in 
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the desired position relative to the body 260 during a closed switch condition/position, and to 
associate the change to an open switch condition/position with an undesired change in the 
position of the contact pin 250. 

Details regarding another embodiment of a push-pin assembly with desired vibrational 
5 damping characteristics, and which may be used in place of the push-pin assembly 40 of 
FIGURE 3, is presented in FIGURE 7. Generally, the FIGURE 7 embodiment also provides a 
monitoring function, but in a different way than that of the push-pin assembly 240 of FIGURES 
6A-B. Turning to FIGURE 7, the push-pin assembly 340 has a central, longitudinal axis 342, 
and includes a contact pin 350, a body 360, and first and second longitudinally spaced vibration 
it© dampers 370A, 370B. Both the vibration damper 370A and the vibration damper 370B include 

a 

if] an aperture 375 through which the contact pin shaft 352 extends at least therewithin (e.g., 

UJ 
• 5=6 

partially within; entirely therethrough). The first vibration damper 370A can be made from the 
same or different material as the second vibration damper 370B. The dampers 370A, 370B may 

□ 

^ also have the same or a different modulus of elasticity. 

ffj5 The contact pin 350 of the push-pin assembly 340 includes an elongate shaft 352 and a 

FU contact head 354, and the contact pin 350 is otherwise similar to pins of previously discussed 
FIGURES 4-6B. The body 360 includes a contact pin receptacle 362 that is defined by a 
receptacle wall 364, where the receptacle wall 364 is at least substantially concentrically 
disposed about the central, longitudinal axis 342 of the push-pin assembly 340. The receptacle 
20 wall 364 includes an outcropping 365 that narrows the cross-sectional size of the contact pin 
receptacle 362. The first vibration damper 370A of the push-pin assembly 340 is disposed along 
an upper portion of the receptacle wall 364 of the contact pin receptacle 362 such that an upper 
end surface 371 A of first vibration damper 370A is in substantial alignment or coplanar with an 
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upper end surface 361 of the body 360, although such is not required and in accordance with the 
foregoing. By contrast, the second vibration damper 370B of the push-pin assembly 340 is 
disposed along a lower portion of the receptacle wall 364 such that the upper end surface 371B 
of the second vibration damper 370B abuts a lower end surface 369 of the outcropping 365 of the 
receptacle wall 364. However, variations are contemplated wherein the second vibration damper 
370B is positioned along various other portions of the receptacle wall 364 including, but not 
limited to, above the outcropping 365, along the outcropping 365, and below, but not abutting, 
the outcropping 365. Yet other multiple and longitudinally spaced vibration damper variations 
may have a receptacle wall 364 which is free of any outcropping or which has a plurality of 
outcroppings. Both the first vibration damper 370A and the second vibration damper 370B are 
tubular in shape or otherwise complimentarily sized to fit into the contact pin receptacle 362 of 
the body 360. As with the other embodiments of FIGURES 4-6B, the contact head 354 of the 
contact pin 350 is longitudinally disposed beyond the upper end surface 361 of the body 360 and 
the upper end surface 371 of first vibration damper 370A, or is otherwise is non-contacting 
relation with the body 360. 

In the embodiment illustrated in FIGURE 7, the first and second vibration dampers 3 70 A, 
370B preferably are made from an electrical insulating material, thus providing both electrical 
isolation between the contact pin 350 and the body 360, as well as structural support to the 
contact pin 350. This embodiment is also designed to function as a capacitive sensor to monitor 
the position of the contact pin 350 (e.g., relative to the body 360 or the axis 342). At least a 
certain change in position of the contact pin 350 may be associated with, for instance, a structural 
failure of one or both vibration dampers 370A, 370B. In any case, the push-pin assembly 340 
defines a capacitive sensor 380 where the contact pin shaft 352 defines a first conductor 382, the 
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outcropping 365 of the receptacle wall 364 defines a second conductor 384, and the open area 
between the first and second conductors 382, 384 defines a dielectric 386 which is incapable of 
passing electrical current but capable of passing electrical fields of force. Some variations of the 
capacitance embodiment of FIGURE 7 do not include an outcropping 365 of the receptacle wall 
364 to function as second conductor 384. In such variations, the portion of the receptacle wall 
364 between the first and second vibration dampers 370A, 370B functions as the second 
conductor 384. Generally, any relative configuration/position between the contact pin shaft 352 
and the body 360 to collectively function as a capacitive sensor may be utilized by the push-pin 
assembly 340. 

In the embodiment of FIGURE 7, a first electrical connection 374 carrying a first charge 
is connected to the contact pin 350, and a second electrical connection 376 carrying a second 
charge, opposite of the first, is connected to the body 360, preferably at or near a lower portion 
of the shaft 352. Generally, the electrical charge will be proportional to the voltage difference 
between the conductors (e.g., 382 or 384). The first and second electrical connections 374, 376 
are connected to proximity detection components 372 which promote, detect, monitor, and/or 
measure electrical fields which pass between the body 360 and the contact pin 350, and in any 
case may be configured to identify a certain change in capacitance. Proximity detection 
components 372 can include, but are not limited to, a power source, a ground, a control unit, and 
a quality control apparatus (e.g., bell, light, alarm, shut-off apparatus, programmable logic 
controller, and the like). 

It is a basic principle in the electrical arts that capacitance is directly proportional to the 
surface areas of the first and second conductors. Since it is also known to those of ordinary skill 
in the art that capacitance is indirectly proportional to the distance of separation between the first 
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and second conductors, any lateral displacement of the shaft 352 of the contact pin 350 relative 
to the receptacle wall 364 will result in a change in the distance between the shaft 352 and the 
outcropping 365 of the receptacle wall 364, thus causing a change in capacitance and which may 
be readily identified by the proximity detection components 372 detecting a change in position of 
the shaft 352 relative to the body 360. This change in capacitance is generally a function of 
separation (or lack of) which relates to a change in the electric field(s) which changes the voltage 
between the two conductors 382, 384. Generally, the magnitude of the electric field(s) and hence 
voltage is proportional to the capacitance between the body 360 and the shaft 352. Identification 
of such a change in the position of the contact pin shaft 352 relative to the body 360 may be used 
for any purpose in relation to the push-pin assembly 340, including those noted above. 

FIGURES 8A and 8B illustrate a variation of the push-pin assembly 340 presented in 
FIGURE 7, and as such, a "single prime" designation is used to identify the push-pin assembly 
340'. Generally, the differences between the FIGURE 7 embodiment and the FIGURE 8A and 
8B embodiment include the push-pin assembly 340' of FIGURES 8A and 8B having an active 
"push-pull"-type vibration damper exhibiting the ability to expand and/or contract one or more 
of the dampers 3 70 A', 3 70 A" based upon data collected using proximity detection components 
372'. The data collected by the proximity detection components 372' is generally conveyed to a 
compensation controller 394 (such as a digital signal processor) via an appropriate electrical 
connection 378. The compensation controller 394 is interconnected via an actuation connection 
396 that splits into actuation connections 396A, 396B to the respective dampers 370A', 370A". 
In this regard, the push-pin assembly 340' of FIGURES 8A and 8B include a closed loop 
compensation apparatus 390. At least the vibration dampers 370A', 370A" are made from a 
piezoelectric material (such as a polymer or a ceramic) capable of expanding/contracting in 
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response to a signal from the compensation controller 394 of the closed loop compensation 
apparatus 390. 

In general, the push-pin assembly 340' of FIGURES 8A and 8B functions as a capacitive 
sensor 380 which conveys signals indicative of the position of the shaft 352 relative to the body 
360 along one or both connections 374, 376 to the proximity detection component(s) 372 and on 
to the compensation controller 394 via electrical connection 378. The compensation controller 
394 can generally compare signals from the capacitive sensor 380 to a preselected nominal 
capacitance level (i.e., an acceptable capacitance range). Upon detecting a signal outside the 
range of the preselected nominal capacitance level, the compensation controller 394 can emit an 
actuation signal along the actuation connection 396 (and accordingly one or both 396A, 396B) to 
one or both vibration dampers 370A', 370A", which are made up of piezoelectric material. The 
piezoelectric material of dampers 370A', 370A" then either expands or contracts in response to 
the receipt of such an actuation signal, thus moving the contact pin 350 at least in a direction of 
its desired position relative to the body 360. Generally, the actuation connections (e.g., 396, 
396A, 396B) leading to one or more vibration dampers (e.g., 370A', 370A") are preferably 
surrounded by an electrical insulator such that an actuation signal does not affect the capacitive 
sensor capabilities of the push-pin assembly 340'. By utilizing a plurality of vibration dampers 
(e.g., 370A', 370A") made of piezoelectric material and a plurality (generally equal in number to 
the plurality of vibration dampers) of actuation connections (e.g., 396, 396A, 396B) connected to 
the respective vibration dampers actuation signals can be sent to more than one vibration damper 
at a time, thus further enhancing the tuning characteristics of the push-pin assembly 340'. For 
example, referring to FIGURE 8B, damper 370A' could receive a first signal causing it to expand 
and, (preferably, but not necessarily, simultaneously) damper 370A" could receive a second 
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signal causing it to contract. The result would be that the shaft 352 of the contact pin 350 would 
be urged in a general direction coinciding with moving toward damper 370A" and away from 
damper 370A'. However, other appropriate adjustments can be made (such as expanding more 
than one damper, or contracting more than one damper). It should be appreciated that those 
same principles of providing a signal to change at least one physical property of at least one 
vibration damper could be used regardless of how a determination was made regarding an 
undesired change in the position of the contact pin shaft relative to the receptacle wall in the 
body. Some embodiments are contemplated wherein the compensation controller 394 may emit 
a signal(s) to a quality control apparatus (e.g., bell, light, alarm, shut-off apparatus, 
programmable logic controller, and the like), to alert an operator/technician of at least the 
potential existence of an undesired condition relating to the push-pin assembly 340'. 

Yet another embodiment of a push-pin assembly having desired vibrational damping 
characteristics is illustrated in FIGURE 9 and may be used in place of the push-pin assembly 40 
of FIGURE 3. FIGURE 9 illustrates a push-pin assembly 440 having a central, longitudinal axis 
442, and includes a contact pin 450 having a head 454 and a shaft 452, a body 460, and pair of 
longitudinally spaced vibration dampers 470 A, 470B. Each vibration damper 470 A, 470B 
includes an aperture 475 into which the contact pin shaft 452 extends. The push-pin assembly 
440 of FIGURE 9 differs from the previously discussed push-pin assemblies in that a receptacle 
wall 464, which defines a contact pin receptacle 462 of the body 460, does not include an 
outcropping (e.g., outcropping 365 in the FIGURE 7 embodiment). Further, the vibration 
dampers 470A, 470B differ slightly in positioning and orientation over the embodiments of 
FIGURES 7 and 8. Similar to the embodiment of FIGURE 7, the push-pin assembly 440 of 
FIGURE 9 includes a first vibration damper 470A which is disposed along an upper portion of 
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the receptacle wall 464 of the contact pin receptacle 462 such that an upper end surface 471 A of 
the first vibration damper 470A is in substantial alignment or coplanar with the upper end 
surface 461 of the body 460, although such is not required and in accordance with the foregoing. 
However, the second vibration damper 470B is not positioned relative to an outcropping of 
receptacle wall 464, since no such outcropping exists in the FIGURE 9 embodiment. The second 
vibration damper 470B instead is positioned such that the lower portion of the vibration damper 
470B is longitudinally situated in the contact pin receptacle 462 such that an end 453 of the shaft 
452 of the contact pin 450 that is opposite the contact head 454 terminates within the vibration 
damper 470B. As with some previously discussed embodiments, the material which makes up 
the first vibration damper 470A can be the same or different than the material which comprises 
the second vibration damper 470B, enabling a user a great range of flexibility in selecting 
damping characteristics of the push-pin assembly 440. 

The receptacle wall 464 also includes a fulcrum 466 that is disposed longitudinally 
between the first and second vibration dampers 470 A, 470B. Generally, the fulcrum 466 enables 
the contact pin 450 to pivot about a predetermined axis in response to some biasing force. This 
provides the benefit of generally imparting symmetric loading on each of the two dampers 470A, 
470B. Any appropriate configuration may be used by the fulcrum 466 to provide the noted 
function(s). For instance, the fulcrum 466 can have an annular configuration, or may be defined 
by a plurality of radially spaced fulcrum segments. 

Another embodiment of a push-pin assembly^demonstrating the desired vibrational 
ping characteristics is illustrated in FIGURE/10, and may be used in place of the push-pin 
assembly 40 of FIGURE 3. FIGURE 10 illustrates a push-pin assembly 540 having a central, 
longitudinal axis 542, and includes a contact pin 550 having a head 554 and a shaft 552, a body 
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560, and pair of longitudinally spaced vibration dampers 570A, 570B. Each vibration/damper 
570A, 570B includes an aperture 575 into which the contact pin shaft 552 at least^xtends. The 
contact pin 550 further includes a first protrusion 557 and a second protrusion 558 that both 
extend outwardly from the shaft 552 of the contact pin 550. The first provision 557 is designed 
to interface with a lower end surface 573A of the vibration damper 570A, thus retaining the 
longitudinal positioning of the contact pin 550 . and reducing the potential for the shaft 552 of the 
contact pin 550 pulling out of the contact pin receptacle 562/Further, the first protrusion 557 of 
the contact pin 550 is longitudinally tapered from its upper extremity to its lower extremity, thus 
enabling the contact pin shaft 552 of the contact pm 550 to be lockingly inserted into the body 
560 already containing the vibration damper 57QA, namely by applying a force to the contact pin 
550 to direct the shaft 552 of the contact piry350 into the contact pin receptacle 562 of the body 
560, and downwardly through the aperture 575 in the damper 570A. However, such a tapered 
configuration of the first protrusion S57 does not readily allow the contact pin 550 to thereafter 
be removed from the receptack 562 without significantly more effort and/or replacing the 
vibration damper 5 70 A whjdi interfaces with the first protrusion 557. As such, the first 
protrusion 557 functions ris an appropriate mechanical catch of sorts for retention of the contact 
pin 550 within the bojiy 560. One way of characterizing the first protrusion 557 to provide this 
function is that it /has an effective diameter which is greater than an effective diameter of the 
aperture 575 in^he vibration damper 5 70 A through which the contact pin shafl^52^extends, thus 
providing fpr both vibrational isolation and positional maintenance of the contact pin 550 with 
respect to the contact pin receptacle 562. Any configuration for the first protmsion^Tfoay be 
utilized to allow it to provide its "mechanical catch" function. For instance, the protmsiort^ST^ 
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may have an annular configuration/ may be defined by a plurality of radially spaced segments, or 
may be a single protrusion ofjess than annular extent. 

The second protrusion 558 of the contact pin 550 is designed to interface with an upper 
end surface 571 A of the first vibration damper 570A, thus providing clearance between the head 
5 554 and the body 560. That is, the second protrusion 558 reduces the potential for the shaft 552 
of contact pin 550 to move further into the contact pin receptacle 562 of the body 560 such that 
the head 554 engages the end surface 561 of the body 560 (e.g., so as to create a "vibrational 
short"). Importantly, the protrusion 558 maintains this spacing without itself contacting the 
body 560. The second protrusion 558 can be disposed anywhere along the outer periphery of the 

l. .3. 

i;H) shaft 552 of the contact pin 550, so long as the interface between the second protrusion 558 and a 
: m respective surface results in maintaining longitudinal spacing, and thus resonance isolation, 
*y between the contact head 554 of the contact pin 550 and the upper end surface 561 of the body 

560, and further so that the second protrusion 558 d oes not contact the body 5 60. In the 
2 illustrated embodiment, the effective diameter of the second protrusion 558 is less than the 
§5 effective diameter of the vibration damper 5 70 A to provide sufficient longitudinal clearance 
U between the contact head 554 and the body 560, without having the second protrusion 558 

contact the body 560. 

FIGURE 11A shows a cross-section of the push-pin assembly 540 of FIGURE 10 taken 
along line 1 1 A-l 1 A. The shaft 552 of the contact pin 550, the contact pin receptacle 562 of the 
20 body 560, and the vibration damper 570A of the push-pin assembly 540 are shown in Figure 
11 A. An effective diameter A 562 of the contact pin receptacle 562 is defined by the receptacle 
wall 564 of the body 560 and is greater than an effective diameter A 552 of the shaft 552 of the 
contact pin 550 that extends downwardly therewithin. The outer periphery of the vibration 
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damper 570A is designed to conform to the receptacle wall 566 of the body 560 and thereby has 
an outer effective diameter that is the same as the effective diameter A 562 of the contact pin 
receptacle 562. The aperture 575 in the vibration damper 570A through which the contact pin 
shaft 552 extends has an effective diameter A 575 that is substantially the same as the effective 
5 diameter A 552 of the corresponding portion of the contact pin shaft 552 (i.e., the portion of the 
contact pin shaft 552 that interfaces with an inner wall of the vibration damper 570 that defines 
the aperture 575). 

Figure 11B shows a cross-section of the push-pin assembly 540 of FIGURE 10 taken 
along line 11B-11B. The protrusion 557 is annular in the illustrated configuration and has an 
^DO effective diameter A 557 that is greater than the effective diameter A 575 of the aperture 575 in the 
: f] vibration damper 570A through which the contact pin shaft 552 extends. As such, this at least 
: H provides resistance to the contact pin shaft 552 being pulled back through this aperture 575 in the 
vibration damper 5 70 A. Figure 1 1C illustrates an alternative configuration of a mechanical catch 

a 

(** for the contact pin 552 in the form of a plurality of radially spaced first protrusion segments 557'. 

: U 

[U5 The contact pin shaft 552 at the first protrusion segments 557' has an effective diameter A 557 . that 
1 y is greater than the effective diameter A 575 of the aperture 575 in the vibration damper 570A 
through which the contact pin shaft 552 extends. As such, this at least provides resistance to the 
contact pin shaft 252 being pulled back through this aperture in the vibration damper 570A. The 
effective diameter A 55r is that aperture of sorts that is collectively defined by a tangent at each of 
20 the first protrusion segments 557'. 

Now referring to FIGURE 11D, a cross-sectional view of the push-pin assembly 540 of 
FIGURE 10 taken along line 1 1D-1 ID to illustrate the effective diameter of various components 
of the push-pin assembly 540. The second protrusion 558 has an annular configuration in the 
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illustrated embodiment and has an effective diameter A 558 which is less than the effective 
diameter A 562 of the contact pin receptacle 562 at the upper end of the body 540, but which is 
greater than the effective diameter A 575 of the aperture 575 in the vibration damper 570A through 
which the contact pin shaft 552 extends. As such, the second protrusion 558 engages the 
vibration damper 570A and does not engage any portion of the body 560 to maintain the contact 
head 554 in spaced relation to the body 560. The second protrusion 558 again could have other 
configurations and provide this function (e.g., a configuration corresponding with the first 
protrusion segments 557' in Figure 1 1C). 

It should be noted that one or both a first protrusion 557 and a second protrusion 558 can 
be included in any of the above-described embodiments, or variations thereon, disclosed herein. 
Further, embodiments of the invention are contemplated which combine one or both the above- 
described first and second protrusions with push-pin designs known to those of ordinary skill in 
the art. 

Push-pin assemblies of the invention generally have a vibration damper which 
substantially deters the contact pin from transferring resonance/vibrations to the body of the 
push-pin assembly. Accordingly, the configuration of one or both the contact head (e.g. 154) 
and the shaft (e.g. 152) can be manipulated to change resonance characteristics of the contact pin 
(e.g. 150) without vibrationally affecting the remainder (e.g. 160, 170) of the push-pin assembly 
(e.g. 140). Thus, push-pin assemblies of the invention enable a user to adjust the structure of the 
contact pin to favorably "tune" the contact pin to a desired configuration, thus optimizing 
stability of the push-pin assembly, as well as the actuator arm of an accompanying disk drive. 
Turning now to FIGURES 12A and 12B, a frequency response of the push-pin assembly 140 of 
FIGURES 4 and 5, shown as the darker line having dotted-diamond, is compared to a frequency 
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response of a conventional push-pin having a damping sleeve around the actuator arm-facing 
surface, shown as the lighter line having an open diamond. FIGURE 12A initially seems to 
illustrate that the conventional push-pin reflects a greater damping effect than one configuration 
of the push-pin assembly 140 of FIGURES 4 and 5. However, referring to FIGURE 12B, it can 
be observed that a modified configuration of the push-pin assembly 140 of FIGURES 4 and 5 
can be "tuned" by methods including, but not limited to: adjusting the length of the vibration 
damper and/or contact pin; adjusting the cross-sectional thickness of one or more of the vibration 
damper, shaft, and contact head; and changing the material composition of the contact pin and/or 
vibration damper. Accordingly, frequency response of the push-pin assembly 140 can be made 
to mimic that of conventional push-pins having damping sleeves about the actuator arm-facing 
surface, as shown in FIGURE 12B. However, the push-pin assembly 140 provides additional 
benefit in that the actuator arm/push-pin interface reflects metal-to-metal contact, thus avoiding 
complications associated with stiction. Each of the various push-pin assemblies having 
vibrational damping characteristics may be "tuned" in any desired manner. 

FIGURE 13 illustrates yet another advantage to using the various push-pin assemblies 
which exhibit the vibrational damping described herein. These push-pin assemblies have the 
advantage of decoupling arm/push-pin contact surface property and structure dynamics. In other 
words, the contact surface area at the arm/push-pin interface can be optimized independent of the 
structural dynamics of one or both the arm and the push-pin assembly. FIGURE 13 illustrates 
the results of tests that have been carried out on a conventional servo writer. The data shown 
reflects DC track squeeze data compiled for the conventional push-pin having a damping sleeve, 
and the push-pin assembly 140 of FIGURES 4 and 5. Adjacent tracks of a data storage disk are 
preferably separated by a desired annular distance; "DC track squeeze" is known in the art as the 



41 



phenomenon associated with adjacent tracks of a data storage disk being written onto the data 
storage disk at a shorter annular distance of separation than the desired annular distance. 

FIGURE 13 illustrates DC squeeze as a function of the number of DC squeeze events that 
occurred versus the percentage of track pitch. Accordingly, only those events that deviated from 
normal nominal occurrences are displayed; in other words, the portion of the graph to the left of 
the shaded regions would be entirely black. The upper graph of the FIGURE 13 illustrates the 
DC squeeze data for the conventional push-pin described above. The upper graph indicates that 
at least 600 occurrences of DC track squeeze were recorded between 6% and 7% of the tracks. 
Additionally, the conventional push-pin caused almost 100 occurrences of DC track squeeze in 
about 8% of the tracks. By contrast, the lower graph of FIGURE 13 illustrates the DC squeeze 
characteristics of the push-pin assembly 140 of FIGURES 4 and 5. The lower graph reflects that 
DC track squeeze was about 10 occurrences between 6% and 7% of the tracks. Further, the 
push-pin assembly 140 of FIGURES 4 and 5 caused almost no occurrences of DC track squeeze 
in greater than 7% of the tracks. Thus, the push-pin assembly 140 of FIGURES 4 and 5 enables 
a user to write tracks onto data storage disks with more precision in regard to desired annular 
track spacing of adjacent tracks than conventional push-pins. Other vibrationally damped push- 
pin assemblies described herein should behave similarly. 

Similarly, FIGURE 14 illustrates the standard deviation, as a percentage of the tested 
track, of AC squeeze, wherein the above-described conventional push-pin is referred to as "Old 
push-pin", and wherein the push-pin assembly 140 of FIGURES 4 and 5 is referred to as "New 
push-pin". "AC track squeeze", also referred to as "written-in run-out", is known in the art as 
radial deviation associated with writing data on tracks of a data storage disk wherein adjacent 
tracks on a data storage disk are not concentric, but wavy and irregular, thus causing a specific 
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track to have portions which are closer to a respective adjacent track than others, and portions 
with are farther away from the respective adjacent track than other. Data was compiled by 
installing the respective push-pin assemblies in five different disk drives. 

By comparing the data regarding the conventional push-pin versus the data compiled for 
5 the push-pin assembly 140 of FIGURES 4 and 5, one can see that AC squeeze occurred less in 
disk drives which utilized the push-pin assembly 140 of FIGURES 4 and 5 rather than the 
conventional push-pin. Further, the improvement in the percentage of the track affected by AC 
squeeze observed by using the push-pin assembly 140 of FIGURES 4 and 5 varied from about 
8% to less than about 37% over the amount of AC squeeze observed in conventional push-pins. 



-jR) Thus, the push-pin assembly 140 also enables a user to write tracks onto data storage disks with 

Q 

; J j more precision in regard to the desired concentric shape of the track than conventional push-pins, 

i j Accordingly, other vibrationally damped push-pin assemblies described herein should behave 

„' similarly. 



r;^5 apparatus and methods herein disclosed with respect to the illustrated embodiments, without 



departing from the spirit of the instant invention. And while the invention has been described 
above with respect to the preferred embodiments, it will be understood that the invention is 
adapted to numerous rearrangements, modifications, and alterations, and all such arrangements, 
modifications, and alterations are intended to be within the scope of the appended claims. 



Those skilled in the art will now see that certain modifications can be made to the 
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